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Overexpression of truncated IkBa potentiates TNF-a-induced a wide range of biological and immunological activities
apoptosis in mesangial cells. [1]. Recent studies have revealed that nuclear factor-
Background. Dysregulation of apoptosis is one of the likely kappa B (NF-kB) is activated in the glomeruli of anunderlying mechanisms of mesangial proliferative glomerulo-
experimental model of mesangial proliferative glomeru-nephritis (GN), a disease in which proinflammatory cytokines
exhibit a wide range of biological activities. Among them, tu- lonephritis (GN) [2]. Prednisolone is commonly used
mor necrosis factor-a (TNF-a) induces two conflicting path- to treat GN, but it cannot completely suppress NF-kB
ways, one leading to activation of the nuclear factor-kappa B activation in the glomerulus [2]. Dexamethasone also fails(NF-kB), and the other leading to caspase-mediated apoptosis.
to inhibit the DNA binding activity of NF-kB in mesangialWe investigated whether or not specific inhibition of NF-kB
affects TNF-a-induced apoptosis in rat mesangial cells (MCs). cells (MCs) [3]. These in vivo and in vitro findings suggest
Methods. To specifically inhibit NF-kB activation, we con- that effective and specific inhibitors of NF-kB could be
structed a recombinant adenovirus vector expressing a truncated more useful in the treatment of GN than steroids.form of I kappa Ba (AdexIkBDN) that lacks the phosphoryla-
Activation of cytoplasmic NF-kB requires the degra-tion sites essential for the activation of NF-kB. Electrophoretic
mobility shift assay was performed to evaluate NF-kB activity. dation of an inhibitor protein, I kappa B (IkB), which
Nuclear morphology was observed by staining with Hoechst- traps NF-kB in the cytoplasm. In response to signals,
33258. DNA fragmentation was detected using an ELISA kit IkB is phosphorylated on two Ser residues in its NH2-with an antihistone antibody. To investigate the regulation of
terminal regulatory domain, Ser-32 and Ser-36, and de-apoptosis, we measured caspase-3 and caspase-8 activity by
ELISA, and examined the Bcl-2 and Bax protein level by graded [4–6]. Consequently, a truncated form of IkB
Western blot. (IkBDN), whose NH2-terminal regulatory domain that
Results. TNF-a-induced NF-kB activation was blocked by contains the phosphorylation sites is deleted, cannot beoverexpression of IkBDN. Overexpression of IkBDN potenti-
phosphorylated [4–6] or degraded [7], and functions asated TNF-a-induced apoptosis compared to mock transfection,
and the potentiation was abolished by treatment with a caspase-3 a super-repressor of NF-kB. To inhibit NF-kB activation,
inhibitor, Z-DEVD-FMK. Overexpression of IkBDN augmented we constructed an adenovirus vector expressing IkBDN
TNF-a-induced caspase-3 and caspase-8 activity, but did not in which the 54 NH2-terminal amino acids containingaffect Bcl-2 or Bax protein expression.
the phosphorylation sites essential for the activation ofConclusion. Overexpression of IkBDN potentiates TNF-a-
induced apoptosis and augments caspase-8 and caspase-3 activity NF-kB were deleted [5].
in rat MCs without changing Bcl-2 or Bax protein expression. Dysregulation of apoptosis is considered an important
These results suggest the potential usefulness of AdexIkBDN pathologic mechanism in inflammatory diseases. MC apo-to induce apoptosis in MCs under inflammatory conditions.
ptosis has been detected in experimental GN, and has
been found to play an essential role in the repair process
[8, 9]. Guo et al reported that sustained activation ofUnder inflammatory conditions, primed macrophage-
c-Jun NH2-terminal kinases (JNKs) is associated withderived proinflammatory cytokines, such as tumor necro-
initiation of TNF-a-induced apoptosis, and that mitogen-sis factor-a (TNF-a) and interleukin-1b (IL-1b), exhibit
activated protein kinase phosphatase-1 appears to be
responsible for protection of MCs by preventing pro-Key words: mesangial cells, apoptosis, NF-kB, IkB, TNF-a, caspase-3,
cell death, glomerulonephritis. longed activation of JNKs [10, 11]. The role of NF-kB
in TNF-a-induced apoptosis in MCs, however, remainsReceived for publication March 15, 1999
to be clarified. To clarify this point, we overexpressedand in revised form August 6, 1999
Accepted for publication September 16, 1999 IkBDN in rat MCs and examined them for TNF-a-induced
apoptosis.Ó 2000 by the International Society of Nephrology
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NF-kB suppresses TNF-a-induced apoptosis in the and poly(A) signal sequences inserted into the E1-
HT1080 fibrosarcoma cell line by blocking the activation deleted region. The IkBDN cDNA, amplified by polymer-
of caspase-8 [12]. Since caspase-3 is an effector of the ase chain reaction (PCR) using cDNA made from U937
caspase cascade and is located downstream of caspase-8, cells and primers 59-CAGAAGCTTGCCGCCAT GGA-
we examined the effect of IkBDN overexpression on GCCGCAGGAGGTGCC-39 and 59-GGAATTCATA
TNF-a-induced caspase-3 and caspase-8 activity. Bcl-2 ACGTCAGACGCTGGCCTCCAAA-39, was digested
suppresses apoptosis, and Bax can neutralize the action with HindIII and EcoRI, cloned into pBluescript II KS
of Bcl-2 by forming heterodimers with Bcl-2 [13]. To (2), and sequenced. The HindIII-SmaI fragment of the
clarify the mechanism of potentiation of apoptosis by cDNA was inserted into the unique SwaI site of adenovi-
IkBDN overexpression, we performed immunoblotting rus genome in the cassette cosmid pAdex1cW. The cas-
of Bcl-2 and Bax. sette bearing the expression unit was then cotransfected
into human embryonic kidney 293 cells together with
the adenovirus DNA-terminal protein complex (DNA-METHODS
TPC) digested at seven sites with EcoT22I (Fig. 1). Puri-Materials
fied virus stocks were prepared by CsCl step gradient
RPMI-1640 medium and fetal bovine serum (FBS) were
centrifugation, as previously described [17]. As a control
obtained from GIBCO (Grand Island, NY, USA). The
vector, recombinant lacZ adenovirus (AdexlacZ) con-insulin-transferrin-selenite supplement was obtained from
taining the CAG promotor, lacZ gene, and polyA signalSigma Chemical Co. (St. Louis, MO, USA). An inhibitor
sequences was kindly supplied by Dr. Saito [18].of caspase-3, Z-Asp(Ome)-Glu-(Ome)Val-Asp(Ome)-
FMK (Z-DEVD-FMK), was obtained from Calbiochem. Adenovirus-mediated lac Z gene transfection
Recombinant human TNF-a, cell death detection ELISA, efficiency in mesangial cells
and protease inhibitor cocktail tablets were obtained
To evaluate the efficiency of adenovirus-mediatedfrom Boehringer Mannheim (Indianapolis, IN, USA).
gene transfer, MCs were incubated with AdexlacZ for 40Human interleukin-1b (IL-1b) was purchased from Gen-
minutes at 378C using different multiplicity of infectionzyme (Boston, MA, USA). A caspase-3 cellular activity
(M.O.I.; 1, 10, 50, and 100), and b-galactosidase expres-assay kit was obtained from BIOMOL (Plymouth Meet-
sion was evaluated by X-gal staining. After 48 hours ofing, PA, USA). A caspase-8/FLICE colorimetric prote-
incubation, AdexlacZ-infected cells were fixed with coldase assay kit was obtained from BioSourse International,
fixing solution (1% glutaraldehyde in 0.1 mol/L sodiumInc. (Camarillo, CA, USA).
phosphate, pH 7.0, and 1 mmol/L MgCl2 for 15 min).
Cell culture Cells were then washed with phosphate-buffered saline
Rat glomerular MCs were cultured and characterized (PBS) three times and assayed for lacZ expression by
as previously described [14]. MCs from passages 7 to 12 the X-gal staining method. The X-gal solution consisted of
were used. Cells were cultured at 378C in a humidified 1 mmol/L X-gal/dimethylformamide, 3 mmol/L K4Fe(CN)6
air atmosphere with 5% CO2. RPMI 1640 medium sup- (Sigma), 3 mmol/L K3Fe(CN)6 (Sigma), and 1 mmol/L
plemented with 10% FBS and insulin-transferrin-sele- MgCl2, 10 mmol/L KCl in 0.1 mol/L sodium phosphate
nite supplement (Sigma Chemical Co.) was used as the pH 7.5. Cells were stained with X-gal solution for one
growth medium. hour at 378C. Transfection efficiency was increased in an
M.O.I.-dependent manner, and reached approximatelyRecombinant adenovirus vectors
70% at an M.O.I. of 100 (data not shown). We therefore
We constructed a recombinant adenovirus vector ex- employed an M.O.I. of 100 in all of the experiments.
pressing the non-degraded form of the NF-kB inhibitor
IkBa (Adex1CAKT IkBDN; abbreviated as AdexIkBDN) Nuclear morphology
as previously described [15]. This nondegraded IkBa
AdexlacZ-infected and AdexIkBDN-infected MCs(IkBDN) lacks the NH2-terminal 54 amino acids of wild-
were incubated for 24 hours in DMEM with or withouttype human IkBa (MAD3). IkBDN has been reported
TNF-a (20 ng/mL). Adherent cells were washed oncenot to be phosphorylated or proteolyzed in response to
with PBS, fixed in 3% paraformaldehyde for 30 minutes,signal induction, but to fully inhibit NF-kB [5]. A modi-
and incubated with Hoechst-33258 at a final concentrationfied method [COS-TPC (cosmid-terminal protein com-
of 30 mg/mL for 20 minutes, as described in a previousplex) method], kindly provided by Dr. Saito [16], was
report [19]. The nuclei were viewed under a fluorescenceused to construct this adenovirus vector. In brief, this
microscope using standard excitation filters. Floatingreplication-deficient adenovirus is based on adenovirus
cells were collected by centrifugation, and a cell smeartype 5, which lacks the E1A, E1B, and E3 regions of the
virus and contains the CAG promotor, IkBDN cDNA, was stained with Hoechst-33258 as described above.
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Fig. 1. Construction of recombinant adenovi-
rus. This replication-deficient adenovirus is
based on adenovirus type 5, which lacks the
E1A, E1B, and E3 regions of the virus and
contains the CAG promotor, IkBDN cDNA,
and polyA signal sequences inserted into the
E1-deleted region. The IkBDN cDNA was first
inserted into the unique Swa I site of the cassette
cosmid, pAdex1cw.
Quantitative analysis of apoptosis based on with 2 mL ice-cold Tris-buffered saline, pH 7.9. The cells
were scraped in 0.5 mL of cold hypotonic buffer A (10morphological changes
mmol/L HEPES, pH 7.9; 10 mmol/L KCl, 0.1 mmol/LAdexlacZ-infected and AdexIkBDN-infected MCs
EDTA, 0.1 mmol/L EGTA, 1 mmol/L DTT; proteasewere incubated in DMEM containing the compounds
inhibitor cocktail tablet) 1 0.6% NP-40, allowed to swellindicated for 24 hours. Cells were stained with Hoechst-
on ice for 15 minutes, and vortexed vigorously for lysis.33258, as mentioned above. The apoptosis ratio was cal-
After centrifugation for 30 seconds in a microfuge, theculated as the proportion of nuclei that had undergone
pellet was washed with an additional 0.5 ml of coldapoptosis in each well.
buffer, and respun. The resulting nuclear pellet was re-
Detection of DNA fragmentation suspended in 100 mL ice-cold buffer C (20 mmol/L
HEPES, pH 7.9; 0.4 mol/L NaCl; 1 mmol/L EDTA; 1AdexlacZ-infected (M.O.I. 5 100) and AdexIkBDN-
mmol/L EGTA; 1 mmol/L DTT; protease inhibitor cock-infected (M.O.I. 5 100) MCs were treated with or with-
tail tablet) and occasionally shaken for 20 minutes atout TNF-a (20 ng/mL) or IL-1b (1 nmol/L) and incu-
48C. The nuclear extract was centrifuged for 10 minutesbated for 24 hours or 48 hours. Cytosolic oligonucleo-
at 11,500 g at 48C, and the supernatant was collectedsome-bound DNA was quantitated using an ELISA kit
and stored at 2708C [22]. Protein concentrations werewith a primary antihistone antibody and a secondary
determined by the Lowry assay with the Bio-Rad DCantiDNA antibody coupled to peroxidase.
protein assay dye reagent (Bio-Rad Laboratories).
Preparation of cytoplasmic extracts
Fluorescent electrophoretic mobility shift assay (EMSA)Mesangial cells were washed twice with ice-cold phos-
The cells were washed twice with ice-cold PBS. DNA-phate-buffered saline, pH 7.4, and scraped into cell lysis
binding NF-kB activity in nuclear extracts was deter-buffer containing 50 mmol/L HEPES, pH 7.5, 150 mmol/L
mined by EMSA. Cells were stimulated with appropriateNaCl, 1 mmol/L Na3VO4, 50 mmol/L pyrophosphate, 100
stimuli for the period of time indicated, and nuclearmmol/L NaF, 1 mmol/L EGTA, 1.5 mmol MgCl2, 1%
extracts were prepared as described above. The sequenceTriton X-100, 10% glycerol, and a protease inhibitor
of the consensus double-stranded oligonucleotide (Pro-cocktail tablet. The cells were then incubated in lysis
mega) used to detect the DNA binding activities ofbuffer for 30 minutes on ice, with periodic vortexing,
NF-kB was 59-AGTTGAGGGGACTTTCCCAGGC-and centrifuged at 15,000 g for 15 minutes [20]. The
39. The sequence of the mutant oligonucleotide used forsupernatant was collected and stored at 2708C. Protein
competition assay was 59-AGTTGAGGCAACGGTCconcentrations were determined by the Lowry assay with
CCAGGC-39. The fluorescent oligonucleotide labelingthe Bio-Rad DC protein assay dye reagent (Bio-Rad
kit (Vistra 59 oligolabeling kit, Amersham Life Science,laboratories, Hercules, CA, USA).
Inc., Arlington Heights, IL, USA) was used to label the
Preparation of nuclear extracts 59 end of consensus oligonucleotides with fluorescein by
using 5-iodo-acetamido-fluorescein. Labeled oligonucle-Cells were infected with AdexIkBDN or AdexlacZ for
48 hours before treatment with TNF-a. For the 24 hours otide (1.4 pmol) was incubated with 10 mg nuclear extract
for 30 minutes on ice followed by the addition of 25%before TNF-a treatment the medium was changed to
DMEM containing 1.5% FCS. Nuclear proteins were glycerol before loading. To demonstrate the specificity
of DNA-protein binding, the binding reactions were per-isolated by the method of Schrieber et al [21]. In brief,
confluent MCs (106 cells) were treated with the experi- formed in the presence of 5-, 10-, and 30-fold excess
unlabeled consensus oligonucleotide competitor or 30-mental agents for the times indicated, and the medium
was then aspirated and the cells gently washed on ice fold excess unlabeled mutant oligonucleotide competi-
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tor. The samples were resolved on 6% polyacrylamide RESULTS
gels. Gels were viewed directly on a FluorImager (Molec- Overexpression of IkBDN by adenovirus vectors
ular Dynamics, Sunnyvale, CA, USA). The expression of IkBa proteins in cytoplasmic ex-
tracts of MCs was detected by Western blotting. AsWestern blot analysis of IkBa
shown in Figure 2A, IkBDN protein expression appeared
Cytoplasmic extracts (10 mg of protein) were separated within six hours and was observed for more than 48
on 10% polyacrylamide-sodium dodecyl sulfate gels and hours. IkBDN protein was not detected by the anti-IkBa
transferred to PVDF membranes. Membranes were in- (C-15) antibody, which recognizes the N-terminal domain
cubated at room temperature for one hour in blocking of IkBa, but it was detected by the anti-IkBa (C-21)
buffer [5% low-fat milk powder in tris-buffered saline antibody, which recognizes the C-terminal domain. These
(TBS)], and then overnight in PBS containing the pri- results are consistent with the fact that IkBDN lacks the
mary antibodies, rabbit anti-IkBa (C-21, Santa Cruz) or NH2-terminal domain of IkBa. As shown in Figure 2B,
IkBa (C-15, Santa Cruz) at 1:50 dilutions. These antibod- after treatment with TNF-a, wild type IkBa was rapidly
ies recognize the C-terminal and N-terminal domain of degraded, within 30 minutes, and then was resynthesized
IkBa, respectively. After washing in TBS containing in both AdexlacZ-infected and AdexIkBDN-infected
0.08% Tween-20, the membranes were incubated for cells. In contrast, IkBDN protein was not degraded by
one hour at 258C in diluting buffer containing a 1:1500 TNF-a treatment. We also performed densitometric
dilution of alkaline phosphatase-conjugated secondary analysis to clarify the decrease in IkBa protein level in
antibody (TAGO, Inc., Burlingame, CA, USA). After both AdexlacZ and AdexIkBDN-infected cells. In the
washing, the bands corresponding to IkBa and IkBDN AdexlacZ-infected cells, the endogenous IkBa protein
were visualized with an alkaline phosphatase substrate levels compared to time 0 were 46.7% (15 min), 30.3%
kit I (Vector Laboratories, Inc., Burlingame, CA, USA). (30 min) and 87.6% (60 min), while in the AdexIkBDN-
infected cells, they were 58.0% (15 min), 37.5% (30 min)Western blot analysis of Bcl-2 and Bax
and 97.6% (60 min).
Equal amounts of cytoplasmic extracts (10 mg for Bcl-2,
1 mg for Bax) were separated on 12.5% polyacrylamide- Decreased activation of NF-kB by
sodium dodecyl sulfate gels and transferred to PVDF overexpression of IkBDN
membranes. Membranes were incubated at room temper- DNA binding activity of NF-kB was strongly activated
ature for one hour in blocking buffer [5% low-fat milk by TNF-a treatment in the nuclear extracts of AdexlacZ-
powder in TBS], and overnight in PBS containing the infected cells, whereas this TNF-a-induced NF-kB activ-
primary antibodies; rabbit anti-Bcl-2 (Santa Cruz) or ity was reduced by overexpression of IkBDN (Fig. 3A).
Bax (Santa Cruz) at 1:50 and 1:500 dilutions, respectively. As shown in Figure 3B, the NF-kB/DNA band was abol-
ished by the unlabeled consensus oligonucleotide, but it
Caspase-3 and caspase-8 activity was not competed out by the unlabeled mutant oligonu-
For detection of caspase-3 activity, 106 cells were lysed cleotide. In the AdexlacZ-infected cells, relative NF-kB
in buffer (50 mmol/L HEPES, pH 7.4, 100 mmol/L NaCl, activity compared to time 0 by densitometric analysis
0.1% CHAPS, 0.1% NP-40, 1 mmol/L DTT, 0.1 mmol/L was 160.2% (30 min), 103.2% (60 min) and 143% (120
EDTA) for five minutes at 48C, and then centrifuged at min). In AdexIkBDN-infected cells, the relative NF-kB
10,000 g for 10 minutes. The supernatant was stored at activity compared to time 0 in the AdexlacZ-infected
2708C. Protein content was analyzed by using the Bio- cells was 4% (time 0), 38% (30 min), 14% (60 min) and
Rad DC protein assay dye reagent. The activity of 2% (120 min).
caspase-3 was assayed according to the manufacturer’s
Effect of overexpression of IkBDN oninstructions (BIOMOL; Plymouth Meeting, PA, USA).
TNF-a-induced apoptosisFor detection of caspase-8 activity, 106 cells were lysed
in cell lysis buffer and centrifuged at 10,000 g for 10 As shown in Figure 4A, overexpression of IkBDN
minutes. The activity of caspase-8 was assayed according alone and Adex lacZ alone did not induce any morpho-
to the manufacturer’s instructions (BioSourse Interna- logical changes. By contrast, TNF-a treatment induced
tional, Inc.). marked cell death in Adex IkBDN-infected cells. As
shown in Figure 4B, Adex IkBDN-infected cells exhib-
Statistical analysis ited a marked increase in typical apoptotic chromatin
Multiple comparisons were evaluated by analysis of condensation and fragmentation. These cells were partic-
variance, followed by Scheffe’s test. All results in the ularly prominent among the floating cells (Fig. 4C). In
text and figures are expressed as means 6 SEM. P , Adex IkBDN-infected cells, however, the ratio of apo-
ptotic cells was markedly increased compared to the0.05 values were considered statistically significant.
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Fig. 2. Detection of overexpression of the I
kappa B truncated form (IkBDN) protein by
Western blotting. (A) Time course of IkBDN
expression after adenovirus infection. Mesan-
gial cells were infected with Adex IkBDN, and
after the times indicated, cytoplasmic proteins
were extracted. The Western blots contained
equal amounts of cytoplasmic extracts in each
lane (10 mg). The left panel shows the results
obtained with anti-IkBa (C-21) antibody, which
recognizes the C-terminal domain of IkBa. The
right panel shows the results with anti-IkBa (C-
15) antibody, which recognizes the N-terminal
domain of IkBa. Representative examples of
three independent experiments are shown. (B)
Signal-induced proteolysis of wild type IkBa
and overexpression of adenovirus-mediated
IkBDN. At 48 h after infection with Adex lacZ
or Adex IkBDN, cells were incubated with or
without TNF-a (20 ng/mL). At the times indi-
cated, cytoplasmic proteins were extracted and
analyzed by Western blotting with anti-IkBa
(C-21) antibody. Representative examples of
three independent experiments are shown.
Fig. 3. Fluorescent electromobility gel shift
assay (EMSA) of nuclear factor-kappa B (NF-
kB). (A) Binding activity to an oligonucleotide
containing a consensus NF-kB motif was as-
sayed in nuclear extracts of MCs infected with
Adex lacZ or Adex IkBDN. At 48 h after the
adenovirus infection indicated, the cells were
incubated with TNF-a (20 ng/mL) for the times
indicated, and nuclear extracts were prepared
and analyzed by fluorescent EMSA. Represen-
tative examples of three independent experi-
ments are shown. (B) Competition assay to de-
termine the specificity of binding of the NF-kB
oligonucleotide. To demonstrate the specificity
of DNA-protein binding, the binding reactions
were performed in the presence of 5-, 10-, and
30-fold excess unlabeled consensus oligonucleo-
tide competitor or unlabeled 30-fold excess mu-
tant oligonucleotide competitor. Representa-
tive examples of three independent experiments
are shown.
ratio in AdexlacZ-infected cells (Fig. 5A). In addition, The caspase-3 was not activated by overexpression of
IkBDN alone, but overexpression of IkBDN significantlyoverexpression of IkBDN significantly potentiated TNF-
a-induced DNA fragmentation compared to mock trans- enhanced the TNF-a-induced caspase-3 activity (Fig.
6C). TNF-a significantly increased caspase-8 activity infection at both 24 hours and 48 hours (Fig. 5B). By
contrast, overexpression of IkBDN had no effect in IL- both AdexlacZ- and AdexIkBDN-infected cells com-
pared to untreated controls. Moreover, overexpression1b-stimulated mesangial cells.
of IkBDN significantly enhanced the TNF-a-induced
Roles of caspase-3 and caspase-8 activation for the caspase-8 activity (Fig. 6D).
effect of overexpression of IkBDN on
TNF-a-induced apoptosis Effect of overexpression of IkBDN on Bcl-2 and Bax
protein expressionTumor necrosis factor-a-induced DNA fragmentation
was significantly inhibited by Z-DEVD-FMK (2 mmol/L Western blot analysis revealed that Bcl-2 and Bax
protein expression showed no change in both AdexlacZ-to 50 mmol/L) in AdexIkBDN-infected cells in a dose-
dependent manner (Fig. 6A). Next, we determined the infected and AdexIkBDN-infected cells (Fig. 7). Thus,
the regulation of Bcl-2 and Bax expression may not beeffect of overexpression of IkBDN on TNF-a-induced
caspase-3 activity. TNF-a-induced caspase-3 activity was involved in the potentiation of apoptosis by overexpres-
sion of IkBDN.detected from eight hours after the treatment (Fig. 6B).
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Fig. 4. Morphological effect of overexpression of IkBDN on the tumor necrosis factor (TNF-a)-induced apoptosis in mesangial cells (MCs).
AdexlacZ-infected (M.O.I. 5 100) and Adex IkBDN-infected (M.O.I. 5 100) MCs were incubated with or without TNF-a (20 ng/mL). (A and B)
At 24 h after treatment, adherent cells were observed under a phase-contrast microscope or under a fluorescence microscope after staining the
nuclei with Hoechst-33258 (original magnification 3400). (C) Floating cells were collected by centrifugation, and a cell smear was stained with
Hoechst-33258 as indicated above. Representative examples of 3 independent experiments are shown (original magnification 3400).
Fig. 5. Quantification of apoptosis in mesangial cells (MCs). (A) Based on the nuclear staining with Hoechst-33258, the ratio of apoptotic cells
was calculated as the proportion of nuclei that had undergone apoptosis. (B) Adex lacZ-infected (M.O.I. 5 100) and Adex IkBDN-infected
(M.O.I. 5 100) MCs were incubated with or without TNF-a (20 ng/mL) or IL-1b (1 nmol/L). At 24 hours or 48 hours after treatment, DNA
fragmentation was quantitated by ELISA. Values are means 6 SEM (N 5 5). *P , 0.05 vs. untreated Adexlacz-transfected cells. #P , 0.05 vs.
TNF-a-treated AdexlacZ-infected cells. Symbols are: (h) untreated; (j) TNF-a; ( ) IL-1b.
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Fig. 6. Role of caspase-3 for the effect of over-
expression of IkBDN on TNF-a-induced apo-
ptosis. (A) Inhibition of TNF-a-induced DNA
fragmentation in Adex IkBDN-infected cells by
caspase-3 inhibitor. MCs were pretreated with
the caspase-3 inhibitor Z-DEVD-FMK for 1
hour and incubated with TNF-a (20 ng/mL).
DNA fragmentation was detected by ELISA 24
hours after the treatment. Values are means 6
SEM (N 5 4). *P , 0.05 vs. untreated cells. #P ,
0.05 vs. TNF-a-treated cells. (B) Time course of
caspase-3 activity after TNF-a treatment. Non-
infected MCs were treated with TNF-a (20 ng/
mL), and cytoplasmic proteins were extracted
at the times indicated. Caspase-3 activity was
measured as described in the Methods section.
Symbols are: (s) activity in untreated cells; (d)
activity in TNF-a treated cells. Values are
means 6 SEM (N 5 4). *P , 0.05 vs. untreated
cells at each time point. (C) Caspase-3 activity
induced by TNF-a (20 ng/mL) in Adex IkBDN-
infected and Adex lacZ-infected cells. Cells in-
fected with the adenovirus indicated were incu-
bated with (j) or without (h) TNF-a (20 ng/
mL). Caspase-3 activity was measured 16 hours
after treatment. Values are means 6 SEM (N 5
5). *P , 0.05 vs. untreated cells. #P , 0.05 vs.
Adexlacz-transfected cells treated with TNF-a.
(D) Caspase-8 activity induced by TNF-a (20
ng/mL) in Adex IkBDN-infected and Adex
lacZ-infected cells. Cells infected with the ade-
novirus indicated were incubated with or with-
out TNF-a (20 ng/mL). Caspase-8 activity was
measured 4 hours after treatment. Values are
means 6 SEM (N 5 4). *P , 0.05 vs. untreated
cells. #P , 0.05 vs. Adexlacz-transfected cells
treated with TNF-a.
Fig. 7. Effect of overexpression of IkBDN on
Bcl-2 and Bax protein expression. Adex lacZ-
infected (M.O.I. 5 100) and Adex IkBDN-
infected (M.O.I. 5 100) MCs were incubated
with TNF-a (20 ng/mL) for the times indicated
and equal amounts of cytoplasmic extracts were
analyzed by Western blotting with antibody to
Bcl-2 (A) or to Bax (B).
DISCUSSION Previously, NF-kB was proposed to play an essential
role in protection against TNF-a-induced cell death inIn the present study, we demonstrated that the inacti-
mouse fibroblasts [23], macrophages [23], a human fi-vation of NF-kB by IkBDN overexpression potentiates
brosarcoma cell line [24], a human lymphoma cell lineTNF-a-induced apoptosis in rat MCs and that augmen-
(Jurkat), and human bladder carcinoma [25]. Thereafter,tation of caspase-8 and caspase-3 is involved in the poten-
tiation. the anti-apoptotic genes encoding inhibitor-of-apoptosis
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(IAP) proteins c-IAP1 and c-IAP-2 regulated by NF-kB Infection with Adex IkBDN resulted in marked induc-
tion of apoptosis in TNF-a-stimulated MCs, whereaswere identified [12]. X-chromosome-linked IAP is an
NF-kB-regulated protein that prevents endothelial cells unstimulated MCs were barely affected by infection, con-
firming that Adex IkBDN infection is not cytotoxic tofrom undergoing TNF-a-induced apoptosis, and inhibits
caspase-3 and caspase-7 activity in embryonic kidney intact MCs. We measured the lactate dehydrogenase
(LDH) activity in the supernatant to investigate the toxi-293T cells [26]. These findings support the possibility of
an interaction between the NF-kB signaling pathway and cological effect of Adex IkBDN on mesangial cells. In
comparison to the untreated control (3.2 6 0.25% ofthe caspase pathway. Quite recently, Wang et al. found
that activation of NF-kB in a human fibrosarcoma cell total), Adex lacz (M.O.I. 5 100) alone (3.6 6 0.15% of
total), Adex IkBDN (M.O.I. 5 100) alone (4.2 6 1.36%line blocked the activation of caspase-8, which is located
at the apex of the caspase pathway, and resulted in inhibi- of total) caused no significant increase in LDH activity
in the absence of TNF-a. This suggests that Adex IkBDNtion of caspase-3 processing [12]. However, these phe-
nomena may be cell type-specific, and the effect of transfection alone has little toxicological effect on mes-
angial cells.NF-kB on the TNF-a-induced apoptosis and caspase-3
activation in rat MCs remains to be clarified. We have In contrast, Sumitomo et al reported that apoptosis
was induced in cytokine-producing bladder cancer cellsdemonstrated, to our knowledge for the first time, that
inhibition of NF-kB activation results in the enhance- by overexpression of IkBa alone with this recombinant
adenovirus vector, in which NF-kB is activated withoutment of TNF-a-induced caspase-8 and caspase-3 activity
in rat MCs. exogenous cytokine treatment [15]. As NF-kB has been
found to be activated in inflamed glomeruli in a modelA specific NF-kB inhibition system is required to eval-
uate the role of NF-kB in the regulation of apoptosis of experimental mesangial proliferative GN [2], Adex
IkBDN infection might be useful to induce MC apoptosisand a highly efficient transfection system is needed to
detect the inhibitory effect of IkBa on biological phe- in vivo.
The anti-apoptotic effect of compounds that inhibitnomena. Recombinant adenoviruses have been evalu-
ated extensively because of their relatively high infection the activation of caspase-3 suggests that apoptosis can
be regulated by modification of the caspase cascade. Kimefficiency and ability to drive expression of a foreign
gene in nondividing cells. We therefore constructed a et al reported that nitric oxide inhibits apoptosis by pre-
venting the increase in caspase-3 activity [27]. In the pres-recombinant adenovirus vector that expresses an NH2-
terminally deleted form of IkBa, which is resistant to ent study, we showed that TNF-a-induced DNA frag-
mentation was inhibited by a caspase-3 inhibitor andubiquitination-based degradation and prevents activa-
tion of NF-kB. The IkBDN protein was overexpressed that overexpression of IkBDN significantly enhanced the
TNF-a-induced caspase-3 activity. These results suggestby adenovirus infection and was not degraded despite
TNF-a signal induction. that augmentation of TNF-a-induced caspase-3 activity
is one possible mechanism underlying the potentiationTo investigate the inhibitory effect of overexpression
of IkBDN on TNF-a-induced NF-kB activation, we per- of apoptosis by overexpression of IkBDN. Additionally,
we detected significant increase in caspase-8 activity informed EMSA and densitometric analysis. In view of
the results, more than 38% of basal NF-kB activity is AdexIkBDN-infected cells compared to the cells infected
with AdexlacZ in the presence of TNF-a. These resultsrequired to be anti-apoptotic. In the literature, both p65
and p50 are claimed to be involved in NF-kB activity in support the previous report that NF-kB suppresses TNF-
a-induced apoptosis by blocking the activation of cas-mesangial cells stimulated by TNF-a [3]. Although it is
technically difficult to specifically inhibit p65 or p50 un- pase-8, which is located upstream of caspase-3 [12].
Although the regulation of MC apoptosis is becomingder our experimental conditions, we speculate that both
p65 and p50 are required to be anti-apoptotic. better understood [28–31], the mechanism of caspase
activation in MCs is still not clear. In other cell types,As shown in Figure 5B, TNF-a alone did not increase
DNA fragmentation even at 48 hours. This shows that the Bcl-2 gene family appears to be involved in this
process. In cardiomyocytes, the apoptosis induced byNF-kB inhibition does not simply accelerate TNF-a in-
duced apoptosis, but turns on a death signal that cannot serum depletion and doxorubicin is accompanied by
caspase-3 activation and Bax accumulation [32]. Sandau,be activated by TNF-a alone. To determine whether the
potentiation of apoptosis following inhibition of NF-kB Pfeilschifter and Brune reported that in the presence
of IL-1b, interferon-g, lipopolysaccharide, and TNF-a,is specific to TNF-a, we examined the effect of IL-1b
under the same experimental conditions. As shown in pyrrolidine dithiocarbamate (PDTC), an inhibitor of
NF-kB, evokes a massive Bax protein accumulation andFigure 5B, IkBDN overexpression had no effect in IL-1b-
stimulated mesangial cells. These results suggest that apoptosis in MCs. We therefore determined the balance
between Bcl-2 and Bax protein expression in AdexlacZ-potentiation of apoptosis by IkBDN overexpression is a
phenomenon specific to TNF-a. infected and AdexIkBDN-infected cells. Contrary to ex-
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precursor protein and the activation of NF-kB. Cell 78:773–785,pectation, however, we detected no significant changes
1994
in the expression of these proteins in our experimental 8. Shimizu A, Kitamura H, Masuda Y, Ishizaki M, Sugisaki Y,
Yamanaka N: Apoptosis in the repair process of experimentalsystem. One possible explanation for the discrepancy is
proliferative glomerulonephritis. Kidney Int 47:114–121, 1995a difference in specificity of NF-kB inhibition between
9. Baker AJ, Mooney A, Hughes J, Lombardi D, Savill J: Mesangial
treatment with PDTC and overexpression of IkBDN, cell apoptosis: The major mechanism for resolution of glomerular
hypercellularity in experimental mesangial proliferative nephritis.and another is the difference in cytokines used to induce
J Clin Invest 94:2105–2116, 1994apoptosis or in cell preparation. In addition, it has been
10. Guo Y-L, Baysal K, Kang B, Yang L-J, Williamson JR: Correla-
reported that phosphorylation of Bcl-2 family members tion between sustained c-Jun N-terminal protein kinase activation
and apoptosis induced by tumor necrosis factor-a in rat mesangialmay be a pivotal mechanism for integrating pro- and
cells. J Biol Chem 273:4027–4034, 1998anti-apoptotic signals [33, 34]. Although we detected no 11. Guo Y-L, Kang B, Williamson JR: Inhibition of the expression
significant change in the expression of Bcl-2/Bax protein, of mitogen-activated protein phosphatase-1 potentiates apoptosis
induced by tumor necrosis factor-a in rat mesangial cells. J Biolspecific inhibition of NF-kB may affect the phosphoryla-
Chem 273:10362–10366, 1998tion status of Bcl-2/Bax protein. 12. Wang C-Y, Mayo MW, Korneluk RG, Goeddel DV, Baldwin
In summary, to our knowledge for the first time, we AS JR: NF-kB antiapoptosis: Induction of TRAF1 and TRAF2
and c-IAP1 and c-IAP2 to suppress caspase-8 activation. Sciencedemonstrated that adenovirus-mediated overexpression
281:1680–1683, 1998
of a truncated form of IkBa potentiates TNF-a-induced 13. Reed JC, Zha H, Aime-Sempe C, Takayama S, Wang HG: Struc-
ture-function analysis of Bcl-2 family proteins: Regulators of pro-apoptosis in rat MCs by efficient and specific suppression
grammed cell death. Adv Exp Med Biol 406:99–112, 1996of NF-kB and up-regulation of caspase-8 and caspase-3
14. Hirahashi J, Nakaki T, Hishikawa K, Marumo T, Yasumori T,
activity. As an inhibition of MC apoptosis by inflamma- Hayashi M, Suzuki H, Saruta T: Endothelin-1 inhibits induction
of nitric oxide synthase and GTP cyclohydrolase I in rat mesangialtory cytokines plays a key role in the progression of
cells. Pharmacology 53:241–249, 1996glomerular injury of chronic forms of mesangial prolifer-
15. Sumitomo M, Tachibana M, Ozu C, Asakura H, Murai M, Haya-
ative GN, our results may give a good rationale to use kawa M, Nakamura H, Takayanagi A, Shimizu N: Induction of
apoptosis of cytokine-producing bladder cancer cells by adenovi-adenovirus-mediated IkBDN gene transfer in treatment
rus-mediated IkBa overexpression. Hum Gene Ther 10:37–47, 1999for such types of GN. 16. Miyake S, Makimura M, Kanegae Y, Harada S, Sato Y, Takamori
K, Tokuda C, Saito I: Efficient generation of recombinant adeno-
viruses using adenovirus DNA-terminal protein complex and aACKNOWLEDGMENTS
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